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(54) LIQUID CRYSTAL DISPLAY DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal display device which 
efficiently reflects incident light and has excellent visibility in both dark and . 
light places and its manufacturing method. . 

SOLUTION: This device is equipped with an array substrate 30 and a counter - ,„^ ^ 
substrate 40 which are arranged opposite each other across a liquid crystal.. • ^ 

layer 20; and the array substrate has on an insulation substrate 1 1st wires ^\^\^r-^ V ^ i'^jj^j rj*=^{ , _ 
and 2nd wires formed in matrix, TFTs 7 connected to intersections of the 1st^ 
and 2nd wires, inteiHayer. insulation films. 6 formed on the, TFTs, and pixel 
electrodes formed on the inter-layer insulation films and connected to the 
TFTs. Each pixel electrode has a transparent electrode 11 and a reflecting 
electrode 10. The transparent electrode has a transparent area 52 and an 
uneven area 52b patterned into many islands and the reflecting electrode is 
formed on the inter-layer insulation films while being placed on the uneven 
area. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It has the array substrate and opposite substrate by which opposite arrangement was carried out on 
both sides of the liquid crystal layer. The above-mentioned array substrate Two or more 1st wiring and two or 
more 2nd wiring which were formed in the shape of a matrix on the insulating substrate, Two or more switching 
elements connected to the intersection of the 1st wiring and the 2nd wiring, respectively, It has the insulator 
layer formed on the above-mentioned switching element, and two or more pixel electrodes connected to the 
above-mentioned switching element while being formed on the above-mentioned insulator layer, respectively. 
Each pixel electrode The liquid crystal display characterized by having the transparent electrode which has the 
concave convex domain by which patterning was carried out to much shape of a transparency field and an island, 
and was formed on the above-mentioned insulator layer, and the reflector with [ it is formed in the above- 
mentioned concave convex domain on the above-mentioned insulator layer in piles, and ] irregularity. 
[Claim 2] It has the array substrate and opposite substrate by which opposite arrangement was carried out on 
both sides of the liquid crystal layer. The above-mentioned array substrate Two or more 1st wiring and two or 
more 2nd wiring which were formed in the shape of a matrix on the insulating substrate, Two or more switching 
elements connected to the intersection of the 1st wiring and the 2nd wiring, respectively, It has the insulator 
layer formed on the above-mentioned switching element, and two or more pixel electrodes connected to the 
above-mentioned switching element while being formed on the above-mentioned insulator layer, respectively. 
Each pixel electrode The transparent electrode which has the concave convex domain by which patterning was 
carried out to much shape of a transparency field and an island, and was formed on the above-^mentioned 
insulator layer, The surface section of the above-mentioned insulator layer which equips the above-mentioned 
concave convex domain with a reflector with irregularity and by which it is formed in piles on the above- 
mentioned insulator layer, and the above-mentioned reflector is formed in it is a liquid crystal display 
characterized by carrying out patterning to the shape of much island with the concave convex domain of the 
above-mentioned transparent electrode. 

[Claim 3] The pattern of the shape of an island of the above-mentioned concave convex domain is a liquid crystal 
display according to claim 1 or 2 characterized by arranging irregularly the island-like pattern with which it is 
circularly formed, respectively and paths differ. 

[Claim 4] It has the array substrate and opposite substrate by which opposite arrangement was carried out on 
both sides of the liquid crystal layer. The above-mentioned array substrate Two or more 1st wiring and two or 
more 2nd wiring which were formed in the shape of a matrix on the insulating substrate, Two or more switching 
elements connected to the intersection of the 1st wiring and the 2nd wiring, respectively, In the manufacture 
approach of the liquid crystal display equipped with the insulator layer formed on the above-mentioned switching 
element, and two or more pixel electrodes connected to the above-mentioned switching element while being 
formed on the above-mentioned insulator layer, respectively On the above-mentioned insulating substrate, form a 
transparent electrode ingredient in piles to an insulator layer, and patterning of the above-mentioned transparent 
electrode ingredient is carried out. Two or more transparent electrodes which have the concave convex domain 
by which patterning was carried out to much shape of a transparency field and an island, respectively are formed. 
The manufacture approach of the liquid crystal display characterized by forming a reflector ingredient in piles to 
the concave convex domain of each above-mentioned transparent electrode at the above-mentioned insulator 
layer top, forming a reflector, and forming two or more pixel electrodes which had the transparent electrode and 

the reflector, respectively. - 

[Claim 5] It has the array substrate and opposite substrate by which opposite arrangement was carried out on 
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both sides of the liquid crystal layer. The above-mentioned array substrate Two or more 1st wiring and two or 
more 2nd wiring which were formed in the shape of a matrix on the insulating substrate, Two or more switching 
elements connected to the intersection of the 1st wiring and the 2nd wiring, respectively. In the manufacture 
approach of the liquid crystal display equipped'with the insulator layer formed on the above-mentioned switching 
element, and two or more pixel electrodes connected to the above-mentioned switching element while being 
formed on the above-mentioned insulator layer, respectively On the above-mentioned insulating substrate, form a 
transparent electrode ingredient in piles to an insulator layer, and patterning of the above-mentioned transparent 
electrode ingredient is carried out. Two or more transparent electrodes, which have the concave convex domain 
by which patterning was carried out to much shape of a transparency field and an island, respectively are formed. 
After carrying out patterning of the concave convex domain of the above-mentioned transparent electrode, the 
surface section of the above-mentioned insulator layer is etched according to the shape of much island. The 
manufacture approach of the liquid crystal display characterized by forming a reflector ingredient in piles to the 
concave convex domain of each above-mentioned transparent electrode at the above-mentioned insulator layer 
top, forming, a reflector, and forming two or more pixel electrodes which had the transparent electrode and the 
reflector, respectively. 

[Claim 6] The liquid crystal display according to claim 4 or 5 characterized by carrying out patterning of the 
above-mentioned transparent electrode so that the pattern of two or more shape of a circular island with which 
paths differ may be arranged irregularly, in case the above-mentioned concave convex domain is formed. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] : — - T - 

[0001] • •• •-• . • • • •'" 

[Field of the Invention] This invention relates to the liquid crystal display and its manufacture approach of the 
transflective type which performs image display especially using the light and outdoor daylight from a back light 
about a liquid crystal display. 
[0002] 

[Description of the Prior Art] This kind of transflective type liquid crystal display is equipped with the array 
substrate with which two or more wiring, a pixel electrode, etc. were formed in the shape of matric soot, and the 
opposite substrate by which opposite arrangement was carried out with this array substrate, and the liquid crystal 
layer is* enclosed between these array substrate and the opposite substrate. Each pixel electrode is formed with 
' the transparent electrode and the reflector. And while reflecting outdoor daylight etc. with a reflector at the time 
of image display, in the field of a transparent electrode, it displays by making the light from the back light installed 
caudad penetrate. Therefore, in a transflective type liquid crystal display, a bright display is obtained using the 
light and outdoor daylight of a back light. 

[0003] However, when displaying by the reflected light of outdoor daylight, and it is based on an actual optical 
path and the phase contrast of the reflective section of a liquid crystal display and the transparency section with 
a single liquid crystal layer is considered, the optical path of the light which passes along the reflective section 
becomes twice the optical path of the light which passes along the transparency section, and has the problem in 
which a practical display mode does not exist. 
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[000^] By adjusting the thickness of the insulating layer prepared in the array substrate to JP,1 1-281 992,A there, 
the thickness of a liquid crystal layer is controlled and the liquid crystal display which adjusted the optical 
property of the reflective section and the transparency section is indicated. That is, according to this liquid 
crystal display; a reflector and a transparent electrode are directly formed on an insulating layer, and each other 
are connected. Moreover, gently-sloping concave heights are formed in a part of front face of an insulating layer, 
and the reflector is formed on it. Thereby, the front face of a reflector also forms concave heights. 
[0005] According to such a configuration, by changing the thickness of an insulating layer, the thickness of a liquid 
crystal layer can be controlled by the reflective pixel section and the transparency pixel section, and it becomes 
possible to adjust the optical property between both fields. Moreover, incident light can be efficiently reflected on 
the surface of a reflector. 
[0006] 

[Problem(s) to be Solved by the Invention] However, forming sufficient irregularity cannot control dispersion of 
the reflected light by the configuration which forms the gently-sloping uneven section and forms a reflector on it 
easily difficultly on the surface of an insulating layer in this way. Especially, when the thickness of an insulating 
layer is thin, formation of the uneven section becomes difficult. 

[0007] This invention was made in view of the above point, and that purpose reflects incident light efficiently and 
is to offer the liquid crystal display with which visibility with good either dark place or bright place is acquired, and 
its manufacture approach. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the liquid crystal display 
concerning this invention It has the array substrate and opposite substrate by which opposite arrangement was 
carried out on both sides of the liquid crystal layer. The above-mentioned array substrate Two or more 1st wiring 
and two or more 2nd wiring which were formed in the shape of a matrix on the insulating substrate, While being 
formed on the above-mentioned insulator layer, respectively with two or more switching elements connected to 
the intersection of the 1st wiring and the 2nd wiring, respectively, and the insulator layer formed on the above- 
mentioned switching element, it has two or more pixel electrodes connected to the above-mentioned switching 
element. And each pixel electrode is characterized by having the transparent electrode which has the concave 
convex domain by which patterning was carried out to much shape of a transparency field and an island, and was 
formed on the above-mentioned insulator layer, and the reflector formed in the above-mentioned concave convex 
domain on the above-mentioned insulator layer in piles. 

[0009] Moreover, the manufacture approach of the liquid crystal display concerning this invention On the 
insulating substrate of an array substrate, form a transparent electrode ingredient in piles to an insulator, layer, 
arid patterning of the above-mentioned transparent electrode ingredient out Two or more transparent ; 

electrodes which have the concave convex domain by which patterning was carried out to much shape of a 
transparency field and an island, respectively are formed. It is characterized by forming a reflector ingredient in 
piles to the concave convex domain of each above-mentioned transparent electrode at the above-mentioned 
insulator layer top, forming a reflector, and forming two or more pixel electrodes which had the transparent 
electrode and the reflector, respectively. 

[0010] According to the liquid crystal display constituted as mentioned above and its manufacture approach, after 
carrying out patterning of the concave convex domain with the shape of much island to a transparent electrode, 
the concave heights corresponding to the shape of an island are formed in the front face of a reflector by 
preparing a reflector in this concave convex domain in piles. By using the concave heights of such a transparent 
electrode, it becomes possible to form the concave heights of a reflector in sufficient height and a sufficient pitch. 
Therefore, the reflected light can be scattered in the moderate direction with a reflector, and dispersion of the 
reflected light can be controlled and optimized to coincidence. Furthermore, if it is made the above-mentioned 
configuration, even when the thickness of an insulator layer is formed thinly, the uneven section on the front face 
of a reflector can be easily formed in sufficient height. Thereby, when making it operate as a reflective mold 
indicating equipment using outdoor daylight, also in any in the case of making it operate as a transparency mold 
indicating equipment using the light source of a back light etc., sufficient brightness and a sufficient contrast ratio 
can be secured, and the liquid crystal display with which visibility good also in a dark place or a bright place is 
acquired, and its manufacture approach can be offered. 
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[0011] 

[Embodiment of the Invention] Hereafter, the liquid crystal display concerning the gestalt of implementation of 
this invention is explained to a detail, referring to a drawing. As shown in drawing 1 and drawing 2 , the liquid 
crystal display is equipped with the array substrate 30 and the opposite substrate 40 by which opposite 
arrangement was carried out on both sides of the liquid crystal layer 20. The array substrate 30 is equipped with 
the transparent insulating substrate 1 which consists of glass etc., and on this insulating substrate 1, it is formed 
in the shape of matric soot so that two or more gate wiring 2 and two or more source wiring 8 may intersect 
perpendicularly mostly. Source wiring 8 is arranged on the gate wiring 2 through the insulator layer 3. Near the 
intersection of the gate wiring 2 and source wiring 8, the thin film transistor (TFT is called hereafter) 7 is formed 
as a switching element. 

[0012] The pixel electrode 50 is formed in the field surrounded with the gate wiring 2 of two, and two source 
wiring 8, respectively, and each pixel electrode is connected to the intersection of the gate wiring 2 and source 
wiring 8 through TFT7. Each pixel electrode 50 is mostly formed in the shape of a rectangle, and constitutes 1 
pixel. 

[0013] TFT7 is equipped with the semi-conductor film 4 which is prepared through an insulator layer 3 on the 
gate wiring 2, the gate electrode 16 formed in one, and this gate electrode on an insulating substrate 1, and 
consists of an amorphous silicon (a-Si). On the semi-conductor layer 4, while the laminating of source wiring 8 
and the source electrode 18 of one is carried out through low resistance semi-conductor film 5a, similarly the 
laminating of the drain electrode 9 is carried out through low resistance semi-conductor film 5b. Moreover, the 
part which constitutes TFT7 is covered with the interlayer insulation film 6 for protecting TFT7. 
[0014] Each pixel electrode 50 is equipped with the transparent electrode 11 which consists of ITO (indium Tin 
oxide), and the reflector 10 which consists of Mo, aluminum, and Mo with high light reflex effectiveness, and is 
connected to the drain electrode 9 of TFT7 through the contact hole 12 formed in the interlayer insulation film. 
[0015] It goes across a transparent electrode 1 1 throughout a pixel, it is formed on an interlayer insulation film 6, 
and has rectangle-like transparency field 52a located in the center section of the pixel, and concave convex 
domain 52b located so that a transparency field might be surrounded. Patterning of the concave convex domain 
52b is carried out so that it may have much island-like heights 54. A reflector 10 is formed on an interlayer 
insulation film 6 in piles at concave convex domain 52b of a transparent electrode 1 1 , surrounds transparency 
field 52a and is located. And a reflector 10 has the island-like heights of a large number corresponding to concave 
convex domain 52b of a transparent electrode 10, and is formed in irregularity. 

[0016] If each pixel electrode 50 is observed from the upper part of the array substrate 30, it consists of two 
fields of high transparency field 52a of light transmission effectiveness, and the reflector 1 1 of light reflex 
effectiveness. And the transparent electrode 1 1~ is connected to the drain electrode 9 of TFT 7 through the 
reflector 10. 

[0017] On the other hand, as shown in drawing 2 , the opposite substrate 40 has the transparent insulating 
substrate 41 which consists of glass etc., and the color filter 42 and the counterelectrode 44 grade which 
consists of ITO are formed on this insulating substrate. And the periphery sections are joined by the sealant 
which does not illustrate the opposite substrate 40 and the array substrate 30, and the liquid crystal layer 20 is 
enclosed between these opposite substrate and the array substrate. 

[0018] Next, the configuration of a liquid crystal display, especially the configuration of a pixel electrode are 
explained more to a detail together with the manufacture approach. First, two or more membrane formation 
processes and patterning processes are repeated, and the gate wiring 2, source wiring 8, an insulating layer 3, 
TFT7, and layer insulation layer 6 grade are formed on an insulating substrate 1; Then, after forming ITO as a- 
transparency electrode material on an interlayer insulation film 6, patterning formation of the transparent 
electrode 11 corresponding to each pixel is, carried out using a photolithography technique. 
[0019] Under the present circumstances, while each transparent electrode 11 is located so that rectangle-like 
transparency field 52a of a pixel mostly located in the center and a transparency field may be surrounded, 
patterning of it is carried out to concave convex domain 52b with much island-like heights 54. Here, as shown in 
drawing 3 , ITO was formed in thickness of t= 300nm on the interlayer insulation film 6, patterning was carried out 
and concave convex domain 52b was formed so that the circular island-like heights 54 from which-magnitude < 
differs might be arranged at random, i.e., irregularly, at the pitch of about P= 1 0 micrometers. Moreover, the taper 



was attached to the peripheral surface of each island-like heights 54 after patterning, and a part of front face of 
an interlayer insulation film 6 was etched according to the island-like heights 54 so that uneven height h might be 
set to about 1 micrometer. In addition, patterning of a transparent electrode 1 1 and the surface section of an 
interlayer insulation film 6 is carried out to coincidence in this case, and you may make it form concave convex 
domain 52b. 

[0020] Thus, the island-like heights 54 from which a path differs are arranged at random, and concave convex 
domain 52b is formed so that interference by the reflected light may be prevented. Generally, about 1 micrometer 
uneven height h is the need, and about 7 degrees of theta are [ whenever / uneven tilt-angle ] desirable [ the 
uneven pitch P suitable for dispersion of the reflected light / about 10 micrometers large enough are desirable to 
the wavelength of lambda= 500nm of light, and ]. 

[0021] And after patterning of a transparent electrode 1 1 is completed as mentioned above, only predetermined 
thickness forms Mo-aluminum-Mo on an interlayer insulation film 6 in piles to a transparent electrode 1 1 as a 
reflector ingredient. And the reflector 1 0 which was lapped and located in concave convex domain 52b of each 
transparent electrode 1 1 , namely, surrounded transparence field 52a and was located is formed by carrying out 
patterning of this Mo and aluminum, and the Mo film. Thereby, as shown in drawing 2 and drawing 4 , the reflector 

10 with the concave heights corresponding to the island-like heights 54 of a transparent electrode 11, i.e., the 
concave heights 1 micro and whenever [ tilt-angle / whose ] 10 micrometers and height are about 7 degrees for a 
pitch, is formed. 

[0022] The array substrate 30 formed as mentioned above is stuck with the opposite substrate 40 prepared 
separately. And a liquid crystal display is formed by enclosing the liquid crystal layer 20 between these, array 
substrate 30 and the opposite substrate 40. 

[0023] According to the liquid crystal display constituted as mentioned above, after carrying out patterning of 
each transparent electrode 11 and forming concave convex domain 52b with much island-like heights 54, the 
concave heights corresponding to the island-like heights 54 can be formed in the front face of a reflector 10 by 
forming a reflector 10 in this concave convex domain in piles. It becomes possible in that case to form the 
concave heights of a reflector 10 in sufficient height and a sufficient pitch by using the island-like heights 54 of a 
transparent electrode 10. Therefore, the reflected light can be scattered in the moderate direction with a 
reflector 10, and dispersion of the reflected light can be optimized. Furthermore, if it is made the above- 
mentioned configuration, even when the thickness of an interlayer insulation film 6 is formed thinly, the. uneven 
section of reflector 10 front face can be easily formed in sufficient height. 

[0024] Thereby, when making it operate as a reflective mold indicating equipment using outdoor daylight, also in 
any in the case of making it operate as a transparency mold indicating equipment using the light source of a back 
lightetc.; sufficient brightness arid a sufficient contrast ratio can be secured, and thie liquid crystal display with 
which visibility good also in a dark place or a bright place is acquired can be offered. 

[0025] Next, the array substrate of the liquid crystal display concerning the gestalt of implementation of the 2nd 
of this invention is explained. Although it considered as the configuration which carries out patterning of a part of 
front face of an interlayer insulation film 6 with a transparent electrode with the gestalt of the 1 st operation when 
[ at which it mentioned above ] forming concave convex domain 52b of a transparent electrode 1 1 , according to 
the gestalt of the 2nd operation, concave convex domain 52b carries out patterning only of the transparent 
electrode, and is formed. 

[0026] On an interlayer insulation film 6, as shown in drawing 5 and drawing 6 , after forming ITO as a 
transparency electrode material, using a photolithography technique, the transparent electrode 1 1 of each pixel 
electrode 50 carries out patterning of this film, and is formed. Under the present circumstances, patterning of the 
transparent electrode 1 1 is carried out so that it may have rectangle-like transparency field 52a of a pixel mostly 
located in the center, and concave convex domain 52b with [ while being located so that a transparency field 
might be surrounded ] much island-like heights 54. 

[0027] If it states in detail, patterning will be carried out so that a transparency electrode material may be formed 
on an interlayer insulation film 6 at 300nm thickness and theta may become 7 degrees whenever [ tilt-angle / of 
island-like heights ], and so that the island-like heights from which a path differs may be located at random about 
pitch 3micrometer. Then, the reflector 1 1 lapped and located in concave heights 52b of a transparent electrode 

1 1 is formed by forming and carrying out patterning of the reflector ingredient 10. Other configurations are the 
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same as that of the gestalt of the 1st operation mentioned above, give the same reference mark to the same part, 
and omit the detailed explanation. 

[0028] Also in such a configuration, the concave heights corresponding to the island-like heights 54 can be 
formed in the front face of a reflector 10, and it becomes possible to form the concave heights of a reflector 10 
in sufficient height and a sufficient pitch. Therefore, dispersion of a reflector 10 can be controlled and optimized. 
Moreover, also in the above-mentioned configuration, the uneven section of reflector 10 front face can be easily 
formed in sufficient height regardless of the thickness of an interlayer insulation film 6. 

[0029] Thereby, when making it operate as a reflective mold indicating equipment using outdoor daylight, also in 
any in the case of making it operate as a transparency mold indicating equipment using the light source of a back 
light etc.. sufficient brightness and a sufficient contrast ratio can be secured, and the liquid crystal display with 
which visibility good also in a dark place or a bright place is acquired can be offered. 

[0030] In addition, this invention is variously deformable within the limits of this invention, without being limited to 
the gestalt of operation mentioned above. For example, the island-like heights which form the concave heights of 
a transparent electrode are not restricted circularly, but are good also as other configurations. Moreover, the path 
of island-like heights, a pitch, height, etc. can be changed if needed. 

[0031] 

[Effect of the Invention] As explained in full detail above, when making it operate as a reflective mold indicating 
equipment using outdoor daylight, according to this invention, the liquid crystal display with which sufficient 
brightness and a sufficient contrast ratio can be secured also in any in the case of making it operate as a 
transparency mold indicating equipment using a back light, and visibility good also in a dark place or a bright place 
is acquired, and its manufacture approach can be offered. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The top view expanding and showing some array substrates of the liquid crystal display concerning 
the gestalt of implementation of the 1 st of this invention. 

fPrawing 2] The sectional view of the above-mentioned liquid crystal display including the cross section in 
alignment with line A-A of drawing 1 . 

fPrawing 3] The top view and sectional view showing the concave heights of the transparent electrode of the 
above-mentioned array substrate. 

fPrawing '4] The sectional view expanding and showing the reflector formed in the concave heights of the above- 
mentioned transparent electrode, and this in piles. 

fPrawing 5] The sectional view. showing the array substrate of the liquid crystal display concerning the gestalt of 
implementation of the 2nd of this invention. 

[Drawing 6] The sectional view expanding and showing the reflector formed in the concave heights of a 
transparent electrode, and this in piles in the array substrate concerning the gestalt of implementation of the 
above 2nd. 

[Description of Notations] 
1 — Insulating substrate 



2 — ' Gate wiring 

3 — Insulator layer 

4 — Semi-conductor film 

6 — Interlayer insulation film 
7— TFT 

8 ■ — Source wiring 

10 — Reflector 

1 1 — Transparency electrode 

12 — Contact hole 

20 — Liquid crystal layer 
30 — Array substrate 
40 — Opposite substrate 
52a — Transparence field 
52b — Concave convex domain 
54 — Island-like heights 



[Translation done.] 
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